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1.0

INTRODUCTION

On September 21, 2006, the City of Gulfport entered into Contract No. S0286 with the Florida
Department of Environmental Protection (FDEP) to construct stormwater improvements
associated with the City of Gulfport Tangerine Avenue Stormwater Retrofitting Project. The
project is located in Section 28, Township 31 South, and Range 16 East in the southern end of
Pinellas County in the City limits of Gulfport. The longitude of the project site is 82.69869” and
latitude is 27.75184”.
Improvements include construction, monitoring, and maintenance of an online dry retention
system with four interconnected basins, which are located in the median of Tangerine Avenue
between 49th Street South and 54th Street South in the drainage area identified in the City’s
Stormwater Masterplan as Basin D10 and a portion of Basin I8. The drainage area for this
project consists of residential urban development that previously had no stormwater treatment
facilities prior to discharge into Boca Ciega Bay and Lake Tomlinson.
The project was required to monitor inflow and outflow water quality to determine pollutant
removal efficiencies of the constructed treatment system. As detailed in the approved Grant
Plan, the following parameters (and anticipated reductions) required monitoring: Total
Suspended Solids (TSS) by 2,807 kg/yr (85 percent reduction), Total Phosphorus (TP) by 29
kg/yr (61 percent reduction) and Total Nitrogen (TN) by 81 kg/yr (91 percent reduction).
This report provides a summary of the activities associated with the Tangerine Avenue
Stormwater Retrofitting Project that occurred under FDEP Contract No. S0286.

2.0

FUNDING

The Florida Department of Environmental Protection (FDEP) provided partial funding of the
project with a TMDL Water Quality Restoration Grant in the amount of $645,357 for
construction of the project proposed Best Management Practice (BMP), monitoring, and
educational materials. The required matching funds for this project were provided by the
SWFWMD Cooperative Funding Program/SWIM and the City of Gulfport’s Stormwater Utility
(matching funds and in-kind services). Total project costs were $1,290,715.

3.0

BACKGROUND

The City of Gulfport created a Stormwater Utility in 1995 to provide a dedicated funding source
to address stormwater quality and flooding issues within the City. Since that time the City has
aggressively pursued stormwater planning and projects that reduce pollution to Tampa Bay, as
well as reduce flooding in key areas. For this project, the City utilized the existing Tangerine
Avenue greenway median area that was already owned by the City.
The Tangerine Avenue stormwater management system improvements were designed to treat
urban stormwater runoff from 20.7 acres of a 57.5 acres residential watershed. Runoff from the
watershed was previously untreated prior to discharge to Lake Tomlinson and Tampa Bay. The
constructed stormwater treatment system is designed and permitted as an online dry retention
system with four interconnected basins which are located in the median of Tangerine Avenue
between 49th Street South and 54th Street South. The treatment basins retain the first half-inch
2

of runoff from the drainage basin while providing approximately 41,000 cubic feet of stormwater
storage. Overflow structures are included to allow excess runoff to overflow to 49th Street South
(and eventually into Boca Ciega Bay and Lake Tomlinson).
Land use in the project contributing drainage basin primarily includes open space, single-family
residential and low-intensity commercial uses. The record drawings for the stormwater
improvement project are provided in Appendix A.
The project site is located in the southern end of Pinellas County, within the City limits of
Gulfport, as shown in the Location Map and Project Site Aerial Photograph below.

Location Map
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Project Site Aerial Photograph
TBE Group, Inc. provided engineering design, and permitting for this project and Compass Point
Surveyors provided surveying services. Cape Canaveral Scientific, Inc. provided grant
administration services for the project and CAPTEC Engineering, Inc. assisted with the final
report preparation. A Standard General Environmental Resources Permit (ERP 44-12896-02)
was obtained from the SWFWMD for construction of the project and has been attached as an
appendix to this report.

4.0

PROJECT HISTORY

The project civil engineering design, construction documents preparation, regulatory permitting
and construction engineering inspection services were provided by TBE Group, Inc. and the
project surveying services were provided by Compass Point Surveyors. The project consisted of
the construction of four (4) online dry retention ponds in the median of Tangerine Avenue
between 49th Street South and 54th Street South. Grant administration was provided by Cape
Canaveral Scientific, Inc.
This 10.3 acre project is contained within City of Gulfport road rights of way. ERP Permit No.
44-12896-02 was issued by SWFWMD for construction of the stormwater improvements. The
FDEP TMDL grant application included construction of four dry retention ponds and two storm
sewer / drainage collection systems to intercept additional neighborhood storm water runoff for
4

treatment in the retention ponds.

5.0

PROJECT DESCRIPTION

The principal objective of the project was to construct an online dry retention system to treat
stormwater runoff from 20.7 acres of a 57.5 acre urban watershed. The project drainage basin is
comprised entirely of low density single family residential land use build before stormwater
treatment was required.
Two of the City of Gulfport’s stormwater outfalls discharge to Tampa Bay via long parallel pipe
runs from north to south; one along 49th Street and one from 54th Street. At the upper end of
these basins, 49th Street and 54th Street are interconnected by Tangerine Avenue. Tangerine
Avenue is an old fashioned divided arterial road with 100 feet of right-of-way owned by the
City. A very broad landscaped median runs down the middle of the two traffic lanes. The City
decided to convert the median to an online, wide, dry retention basin about 3 feet deep. The soils
are very porous and the groundwater level is deep enough to enable a dry retention pond to
function. The retention basin was sized to treat one half (0.5) inch of runoff from the 20.7 acre
contributing drainage basin.
Two new storm drainpipes were designed and constructed north of Tangerine Avenue to
intercept flows going eastward in order to divert this runoff into the retention pond. At each end
of the retention basin a control structure was constructed to allow high flows to pop off to the
49th Street outfall pipe to the east and to Lake Tomlinson on the west. Lake Tomlinson has
recently been reconstructed to become a stormwater treatment lake for the upstream drainage
basin further to the west. These improvements on Tangerine Avenue were designed to reduce
the flows to Lake Tomlinson, allowing the Lake to provide higher treatment for other drainage
basins flowing to the Lake. This project does not address Lake Tomlinson, its drainage basins,
or its treatment actions. Dry retention is one of the most effective BMPs for stormwater
treatment since all water and pollutants infiltrate into the ground. The grant application
anticipated that this type of pond would remove 85% of TSS, 61% of TP, and 91% of TN. An
excerpt from the construction plans for the project, a photograph of the completed project
(showing the project sign) and a photograph of outfall structure S-51 are included on the next
page.
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Final Engineering Drawing
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Photographs of the Project Site and Construction

Completed Project & Sign

Completed Dry Retention Area
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Retention basin looking east and west.
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Retention basin east of 51st Street

9

Construction photos taken during 2009-2010.

51st Street and Tangerine Avenue

Construction along Pine Grove Terrace

10

Stormwater conveyance systems under construction for the project.
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Outfall Structure S-51
The dry retention system was designed with a bottom invert at elevation 18.0 and the top of bank
elevation varies between 19.5 and 21.0 depending on the grade of the adjacent existing street
elevation. The retention basin interconnect system was designed as a series of bubble up control
structures designed to overflow at elevations ranging from 19.0 to 20.67 (depending on adjacent
street grades). Storm sewers were constructed on 51st Street and 52nd Street to increase the
contributing drainage area and the corresponding runoff treatment volume.
The design of the retention basin cells was sculptured to save as many of the existing mature
trees contained in the Tangerine Avenue greenway as possible. The treatment basins retain the
first half-inch of runoff from the drainage basin while providing approximately 41,000 cubic feet
of stormwater storage. Overflow structures are included to allow excess runoff to overflow to
49th Street South (and eventually into Boca Ciega Bay and Lake Tomlinson).
The record drawings in Appendix A depict the retention system layout and pertinent details.
Additional photographs of the project site are included in Appendix B.

6.0

CONSTRUCTION

Construction of the project began on November 19, 2007 (180 day construction timeline).
Construction of the project was completed on April 23, 2008. FDEP approved the Water Quality
Monitoring Plan on September 8, 2008 and the 16-month monitoring period was completed in
May 2010.

7.0

POLLUTANT LOADINGS

A primary objective of this project was to reduce stormwater pollutant loadings from the
Tangerine Avenue watershed. In the grant application for this project, pollutant loadings from
this basin were estimated to be 3,226 kg/yr for TSS, 34.2 kg/yr for TP, and 269 kg/yr for TN.
Pollutant reductions from construction of this facility will be used for credits against the City’s
pollutant load reduction goals to meet FDEP’s Total Maximum Daily Load allocation.
The pollutant loadings were estimated using the Simple Method developed by Harvey Harper.
Stormwater loading rates were used from the report “Stormwater Loading Rate Parameters for
Central and South Florida”, Harvey Harper, 1994, as shown in the following table:
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Pollutant removal effectiveness for this project was estimated to be 85% for TSS, 61% for TP,
and 91% for TN. Projected polluant removals were 2,807 kg/yr, 29.2 kg/yr, and 81 kg/yr for
TSS, TP, and TN respectively as shown in the following table:
TSS
kg/yr

TP
kg/yr

TN
kg/yr

Pre-Project

3,226

34.2

269

Post-Project

419

5

188

Load Reduction

2,807

29.2

81

% Reduction

85

61

91

Pollutant Loads

BMPs Installed
Dry Retention Pond

8.0

PROJECT MONITORING

One of the required components of the TMDL grant program is to provide monitoring of the
BMP installation. The results of the monitoring program were used to evaluate the hydraulic
performance of the dry retention system, quantify the pollutants removed from stormwater runoff
during rainfall events, and provide verification of the pollutant loading projections in Section 7.
After the project construction was completed, TBE Group, Inc. performed the monitoring of the
dry retention system. The TBE Group, Inc. project monitoring report is included in this section.
Field and laboratory investigations were conducted from August 2009 through April 2010 to
evaluate the effectiveness of the completed storm water treatment system. During this ninemonth monitoring period, a total of nine storm events were sampled for characterizing
stormwater runoff and determining pollutant removal efficiencies. Two of the monitored storms
(Events 5 and 6) resulted in discharges from structure S-51 that were sampled via grab collection
methods. The first bi-monthly report was prepared on November 6, 2009 and approved by
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FDEP on November 19, 2009. The second bi-monthly report was prepared on February 8, 2010
and approved by FDEP (with comments) on February 9, 2010.
8.1

Data Quality Objectives

A Monitoring and Quality Assurance Project Plan (QAPP) was developed and approved during
August 2008, which provided details concerning the proposed field monitoring and laboratory
analyses. Stormwater quality monitoring (station setup and sampling) occurred during a 16month period following transfer of the treatment system from construction to operation and
maintenance status. An attempt was made to capture a range of storm events throughout the wet
and dry seasons during the course of the monitoring period. Of the eight to 10 storm events
required to be sampled, stormwater runoff data from nine events were captured to determine the
pollutant removal effectiveness of the dry retention system. Seven storms were sampled during
the wet season (as defined by May 1 through October 31) while the last two sampling events
occurred early this spring.
The project was required to monitor inflow and outflow water quality to determine pollutant
removal efficiencies of the constructed treatment system. As detailed in the approved Grant
Plan, the following parameters (and anticipated reductions) required monitoring: Total
Suspended Solids (TSS) by 2,807 kg/yr (85 percent reduction), Total Phosphorus (TP) by 29
kg/yr (61 percent reduction) and Total Nitrogen (TN) by 81 kg/yr (91 percent reduction).
8.2

Work Performed

During July 2009, an ISCO Avalanche 6712 refrigerated autosampler was deployed near the
intersection of Tangerine Avenue South and 51st Street South at inflow Structure S-43. The
ISCO 730 Bubbler Module was also installed to measure water level and flow through the
structure. Field activities included construction of a reinforced concrete pad with attached
shelter to secure the equipment. A weir was also constructed within the inlet structure (S-43) to
provide a free-fall discharge condition between the structure and receiving basin. To provide
continuous power, the local utility provider installed an electrical service drop at the site.
Sample intake tubing and air supply tubing were trenched and sleeved the entire length from the
autosampler to the inflow structure. An ISCO Rain Gauge was also mounted on a elevated
pedestal at the station site. The system went through a series of programming and pump tests
prior to being brought on-line on August 1, 2009. Photograph documentation of the installed
monitoring system is provided in Appendix B.
During the monitoring period, field team members communicated directly with City staff to
determine the occurrence and total rainfall amounts of storm events in the vicinity of the
monitoring system. Following notification that a storm had occurred, personnel serviced the
autosampler which included preparing collected composite sample for submittal; completion of
field documentation including notes and chain of custody forms; and downloading recorded site
conditions including rainfall, water level and storm event sampling details.
Following Storm Event 6, the system was shut down for routine maintenance, which included
replacement of pump and in-take tubing and clearing the intake screen. The autosampler, rain
gauge and flow bubbler were also cleaned and calibrated in accordance with manufacturer’s
recommendations prior to redeployment.
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8.3

Storm Event Rainfall and Flow Results

Rainfall was measured on-site at the inflow structure (S-43) to the Tangerine Avenue treatment
system throughout the monitoring period using a tipping bucket rainfall data recorder with a
resolution of 0.01 inches. For the period of record, individual storm event totals ranged from
0.27 to 1.19 inches (0.77 inches per event average) at the monitoring station.
To estimate storm flow through the monitoring structure (S-43), water levels on the installed
discharge weir were recorded and varied from approximately two to 13 inches on the weir during
the monitoring period.
The resulting calculated watershed runoff rates ranged from
approximately two to 22 million gallons per day (MGD). The higher observed flow rates were
associated with a shorter interval between storm events resulting in a cumulative effect on
watershed runoff. Storm Events 5 and 6 produced the only discharge at the most down-gradient
pond and associated control structure (S-51). For these events, the water levels on the outfall
structure was noted and grab samples collected at the structure grate prior to discharging into the
ditch bottom inlet.
For the period of record, the following table summarizes monitored storm events and associated
runoff characteristics. As recorded by the equipment, graphic summaries are also provided in
Appendix B.

Storm

Observation

Event

Date

Storm
Rainfall
(inches)

Maximum

Total Inflow at

Observed

Weir Water

Structure S-43

Outflow at

Level at S-43

(gallons)

Structure S-51

(inches)

1

(inches)

1

8/10/09(2)

0.81

10.7

5,200

0

2

8/18/09

0.27

1.8

9,400

0

3

8/19/09

0.34

2.2

14,500

0

4

8/22/09

0.83

12.3

152,800

0

5

8/25/09

1.04

13.0

242,100

~1-inch on grate

6

8/26/09

0.88

9.4

187,900

~1-inch on grate

7

12/4/09

1.19

2.2

56,500

0

8

1/16/10

0.99

5.4

112,400

0

9

3/21/10

0.54

5.5

811,600(3)

0

Notes:
1. Reported water level is the height of water above the weir crest.
2. The weir was installed after the August 10, 2009 storm event.
Recorded data indicates flow prior to storm event sampling, which resulted in the higher total volume
compared to the water level recorded.
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As indicated in the summary table above, weir head and resulting runoff volumes did not
correlate well due to various factors including watershed saturation conditions and hydraulic
influences from the inflow structure and receiving basin.
8.4

Drainage Basin Characteristics and Hydrologic Model Parameters

A delineation of the contributing watershed was determined using a combination of aerial
photography, topographic contour data and field reconnaissance. Based on this information, the
overall watershed is estimated to be approximately 58 acres, of which 20.7 acres are being routed
to the Tangerine Avenue treatment system. As previously stated, land uses within the project
drainage basin consists of single-family residential urban development.
Soils within the drainage basin are characteristic of a developed urban watershed and have a
documented Hydrologic Soil Groups (HSG) of B/D. These soils typically have moderate to low
infiltration rates, which result in a higher runoff potential for pervious areas. Groundwater is not
encountered in the treatment system bottom, which has a constructed bottom elevation of 18 feet.
The installed autosampler also included an ISCO 730 Bubbler Modular which measured water
levels and calculated flow based on geometric characteristics of the discharge structure and water
velocity. The limited area within the inflow structure and the structure’s hydraulic connectivity
with the receiving storm basin interfered with the accuracy of the head and velocity
measurements and the resulting flow calculations. The installation of the discharge weir was
sufficient to pace the autosampler for sample collection; however, the measured discharge rates
and volumes were not considered accurate enough to estimate pollutant removal efficiencies.
It was decided to hydrologically model the estimated runoff and discharge volumes associated
with each discharging rainfall event. These inflow and outflow volumes, along with the
measured pollutant concentrations were then used to determine pollutant removal efficiencies for
the two discharging events.
Estimated excess runoff and discharge volumes were calculated using the SCS method; projectspecific hydrologic basin characteristics (that is; area, directly connected impervious area
(DCIA) and soil curve numbers, etc.); construction documents providing treatment storage areas
and control structure data; and Interconnected Pond Routing (ICPR) for hydraulic and storm
routing simulations. The model was calibrated using site measured total rainfall, observed water
level elevations on outfall structures, and initial water stage levels within the basins. A summary
of hydrologic data and modeling results based on inflows and discharges from the treatment
system are provided below:
ICPR Modeled Values and Resulting

Parameter

Volumes

Total Watershed (acres)

57.5

Project Sub-basin Area (acres)

20.7

DCIA (Percent)

26

Curve Number (1/4 ac residential lots)

83
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Storm Event 5 Inflow Volume (ac-ft)

0.6

Storm Event 5 Discharge Volume (ac-ft)

0.2

Storm Event 6 Inflow Volume (ac-ft)

0.5

Storm Event 6 Discharge Volume (ac-ft)

0.1

The methodology utilized in the above table, resulted in an estimate of the generated runoff
volume for the project area. It does not, however, account for attenuation of runoff provided by
other stormwater management systems or depressional storage areas within the project drainage
area. Upon on field review and general knowledge of the project drainage area, these volume
reductions are not anticipated, as there are no other treatment systems or significant depressional
areas within the drainage area. As such, the modeled results accurately estimate the inflow and
outflow volumes from the watershed and through the treatment basins. Further, simulated water
levels at the discharge structure for the two storm events were confirmed with field observations.
Model simulation results are included in Appendix C.
8.5

Chemical Characteristics of Monitoring Data

Nine flow-weighted storm event samples were collected, prepared, documented and delivered to
SunLabs (NELAP accredited) for analysis during the monitoring period. Resulting constituent
Event Mean Concentrations (EMCs) for the inlet and outlet structures are provided in detail in
Table 1 and summarized below for the inlet structure (S-43) only. Laboratory results are also
provided for the entire period of record in Appendix D.
Statistics for Inlet Event Mean

Total Suspended

Concentrations

Solids (TSS)

(see Table 1 for references)

(mg/L)

Total Nitrogen
(Total N) (mg/L)

Total
Phosphorous
(Total P) (mg/L)

Minimum

8.00

0.57

0.12

Average

25.68

0.97

0.20

Maximum

46.90

1.67

0.30

Standard Deviation

14.41

0.41

0.07

8

9

9

Published Runoff Concentrations (3)

27.0

2.29

0.30

Residential Concentrations (4)

19.88

1.62

0.23

Commercial Concentrations (4)

71

1.06

0.14

Number of Observations

Notes:
3.

(footnotes repeated from Table 1)
Literature-based runoff concentrations for single-family residential in central and south Florida;
Stormwater Chemistry and Water Quality, Harvey Harper, Environmental Research & Design, Inc.

4.

Pinellas County EMC data from the 2007 Year 3 NPDES Annual Report.
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For the monitoring period, observed TSS concentrations ranged from approximately eight to 47
mg/l and average 26 mg/L. Total N concentrations ranged from 0.57 to 1.67 mg/L and average
0.97 mg/L. Observed Total P concentrations ranged from 0.12 to 0.30 and average 0.20 mg/L.
As reported, Total N and Total P average concentrations are less than published data for
residential areas with maximum observed concentrations only slightly higher than residential
concentrations. The TSS average concentration of approximately 26 mg/L is slightly higher than
the published 20 mg/L for residential areas.
For the outfall structure (S-51), Storm Events 5 and 6 produced the only discharge during the
monitoring period. The TSS concentration for both Events was 2.67 mg/L. The Total N
concentration at the discharge structure was 0.717 (Storm 5) and 0.809 (Storm 6) mg/L with
approximately 95 percent of the species contribution from TKN. The Total P concentration was
0.19 (Storm 5) and 0.13 mg/L (Storm 6) for the two discharge events. As shown in Table 1, the
outfall structure (S-51) average and maximum concentrations for these constituents are below the
published data for residential runoff areas.
8.6

Pollutant Removal Efficiencies Calculations

The primary objective of the monitoring efforts is to estimate the removal efficiency of the
constructed dry retention system by comparing calculated mass loadings in the inflow / outflow
streams based on an annual basis. Storm Events 5 and 6 produced the only discharge out of the
treatment system as a cumulative effect of three (3) storms generating approximately 2.75 inches
of rainfall within five days resulted in these discharges. It should also be noted that the largest
storm event recorded produced 1.19 total inches of rainfall without a discharge occurring at the
downstream structure.
To determine the treatment system pollutant removal efficiency associated with the two (2)
discharge events, the inflow / outflow Event Mean Concentrations (EMCs) for TSS, Total N and
Total P were multiplied by the ICPR estimated runoff / discharge volumes to determine the mass
pollutant load retained in the treatment system. Removal efficiency was than calculated using
the Efficiency Ratio (ER) method which is defined as the difference between the inlet and outlet
pollutant mass divided by the inlet pollutant mass. As shown below, the Event pollutant removal
efficiency for TSS is approximately 97 percent; Total N ranged from 74 (Event 5) to 79 (Event
6) percent; and Total P ranged 63 (Event 5) to 81 (Event 6) percent.
Constituent
Inflow Concentrations
Runoff Volume
TSS EMC
Total P EMC
Total N EMC
Outflow Concentration
Discharge Volume
TSS EMC
Total P EMC
Total N EMC
Inflow Mass
TSS EMC

Units

Storm Event 5

Storm Event 6

ac-ft
mg/l
mg/l
mg/l

0.6
28.2
0.17
0.92

0.5
26.7
0.14
0.78

ac-ft
mg/l
mg/l
mg/l

0.2
2.67
0.19
0.72

0.1
2.67
0.13
0.81

kg

21

16

19

Constituent

Units

Storm Event 5

kg
0.13
Total P EMC
Total N EMC
kg
0.68
Outflow Mass
TSS EMC
kg
0.66
Total P EMC
kg
0.05
kg
0.18
Total N EMC
Pollutant Removal Efficiency (Mass based)
97%
TSS
Total P
63%
Total N
74%

Storm Event 6
0.09
0.48
0.33
0.02
0.10
98%
81%
79%

The infrequent discharge (two out of seven events) observed during the monitoring period would
tend to indicate that virtually all conveyed runoff within the drainage basin remains within the
dry retention system. This also implies a removal efficiency of 100 percent since there was no
discharge from the treatment system to Lake Tomlinson for most of the monitoring period.
Although an event removal efficiency of 100 percent was observed during the monitoring period,
it is unlikely the system would achieve a removal efficiency of 100 percent on an annual basis.
Based on the design retention of 0.5 inches of runoff over the drainage basin and a composite
runoff coefficient of approximately 0.32, the theoretical capacity of the retention system is equal
to approximately 1.5 inches of rainfall (0.5 inches divided by C). As observed during the short
monitoring period, conditions (smaller storm events occurring in short succession) will occur
that result in a discharge from the treatment system; thus indicating that the observed removal
efficiency of 100 percent is not likely to be achieved on an annual cycle.
The above pollutant removal efficiency calculations were based on two events occurring in a
short duration (five days). Further, these efficiencies were determined based on an event rather
than an annual base for comparison to mass reductions reported in the sampling plan. To
estimate the long-term annual removal efficiency of the treatment system, a procedure by Harvey
Harper titled Evaluation of Current Stormwater Design Criteria with the State of Florida (2007),
Environmental Research and Design, was utilized as follows.
The referenced document developed annual mass removal efficiencies for dry retention systems
as a function of DCIA and Non-DCIA curve numbers. For this constructed treatment system, the
estimated mean annual mass removal efficiency of the dry retention system with a drainage basin
area of 20.7 acres, DCIA percentage of 26 and a non-DCIA curve number of 83, is
approximately 60 percent. This indicates that approximately 60 percent of the annual runoff
volume will be removed by the dry retention system as a result of infiltration into the soil.
An estimate of the annual runoff volume was determined based on: Zone 4 meteorological area;
watershed area of 20.7 acres, an annual C value of 0.32 and annual rainfall of 52 inches for this
coastal area. Based on these site-specific values, the runoff volume from the drainage basin is
estimated at 28.7 ac-ft / year. It is further estimated that 60 percent of this volume (17.2 ac-ft)
will be removed by the dry retention system, with the remaining volume (11.5 ac-ft) discharging
to Lake Tomlinson. Estimates of annual mass loading for TSS, Total N and Total P were
calculated by multiplying the event mean concentrations by the generated runoff volume of 28.7
20

ac-ft / year. As such, the Tangerine Avenue dry retention system is expected to remove
approximately 545 kg/yr of TSS; 21 kg/yr of Total N and 4 kg/yr Total P. A summary of annual
mass removals for the system is provided below.

Event Mean
Parameter

Units

Value

Concentration
(mg/L)

Drainage Area

Ac

20.7

Runoff Vol.

Ac-ft

28.70

%

60

Est. Annual
Removal

Annual
Mass
Load
(kg/yr)

Pollutant
Mass
Retained in
System
(Kg/yr)

Pollutant
Mass
Discharge
(kg/yr)

TSS

25.68

909

545

364

Total N

0.97

34.4

20.7

13.8

Total P

0.20

6.9

4.2

2.8

As identified in the grant application for this project, pollutant loadings (and reductions) from
this basin were estimated to be 2,807 kg/yr (85% reduction) for TSS; 81 kg/yr (91% reduction)
for Total N; and 29 kg/yr (61% reduction) to Total P.
Based on the Event pollutant removal efficiency calculations, the constructed dry retention
system provided final results of removing 97 percent of TSS, exceeding the 85 percent target
reduction in the grant. For Total N, final results revealed a removal at 74 to 79 percent, which
was lower than the 91 percent estimated in the grant proposal. Total P final results removed
between 63 to 81 percent, which was greater than the projected level of 61 percent listed in the
grant proposal. Annually, it is anticipated that the overall pollutant removal efficiency of the
project watershed and constructed dry retention system is 60 percent.

8.7

Quality Assurance / Quality Control Review of Initial Results

All sampling and reporting were performed in accordance with the Grant Work Plan and Chapter
62-160, F.A.C. and “Quality Assurance Requirements for Stormwater Research Agreements”,
revision date September 2005 (0905). Specifically, the following Planning Review Audits were
performed as follows:
•

Initial: Within 15 days of completing the first sampling and analysis event, the field sampling
and laboratory procedures and resulting analyses were reviewed to determine if the data quality
objectives were being met, identify any improvements to be made and refine the sampling and/or
analytical design or schedule. This report is considered the summary audit report required to be
submitted within one month of the review.

•

Ongoing: Planning reviews described above will occur monthly, not annually, due to the short
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monitoring duration
Based on performance review of the monitoring equipment and resulting data, the following
improvements were implemented to ensure the data quality objectives were met.
1. As a result of station setup and testing of flow measurements, a weir was constructed to provide a
free-fall discharge condition between the inlet structure and receiving pond.
2. Flow-weighted pacing was varied from 1,000 gallons to 3,600 gallons in an attempt to capture a
composite sample representative of the entire watershed runoff hydrograph. The pacing was
adjusted from 3,600 to 1,000 gallons between Storm Events 2 and 3 and again adjusted from
1,000 to 1,500 gallons between Storm Events 5 and 6.
3. The City of Gulfport was contacted to provide notification of storm events and totals within 24
hours.
4. Autosampler operation and maintenance sensors were enabled. On August 25, 2009, the pump
tubing warning indicator was noted flashing. The autosampler was pulled from service on
August 27, 2009 for maintenance.
5. Prior to start up on December 3, 2009, the pump and in-take tubing was replaced and the
autosampler, rain gage and flow meter were cleaned, calibrated and tested in accordance with
manufacturer recommendations. The bubbler meter desiccant cartridge was also replaced.
6. On March 19, 2010, the flow meter was recalibrated to reflect water level conditions on the weir.
It is noted on the water level chart for the March 21, 2010 (Event 9) that the adjustment may have
resulted in a false head (approximately 0.75 inches) on the weir prior to the event occurring.
7. The internal clock was also adjusted for daylight saving.

9.0

PUBLIC EDUCATION

A critical ingredient to this project was the public education component. The plan to address
public education had four components. When working on retrofit projects, it is important to
involve the affected homeowners at all stages in the project. Public meetings were held to
introduce the project to the citizens of Gulfport prior to commencement of construction. The goal
of improved water quality was explained.
The public education component included coverage of the project in the City of Gulfport
newsletter, via public meetings and news items in local sections of the two local newspapers.
Press releases were distributed upon project completion and educational signage has been
installed on site. The site has an educational kiosk conveying the stormwater story, covered
picnic tables, benches and footpaths along the perimeter for walkers and runners. This greenway
park area is one block north of the elementary school and is adjacent to a playground park. It also
continues to serve as a setting for relaxation and shade. The public education component
included brief description of the project in the City of Gulfport newsletter, as well as
announcements for public meetings and brief news articles in the local sections of the two local
newspapers. Press releases were distributed upon project completion and educational signage
has been installed at the site. The education component was completed by the City.

10.0 PROJECT SUMMARY
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The total cost of the Tangerine Avenue Dry Retention system was $1,290,715. The City of
Gulfport provided $345,358 (27%), the SWFWMD provided $300,000 (23%) and the
Department of Environment Protection TMDL Water Quality Restoration Grant provided
$645,357 (50%).
This project demonstrated typical types of challenges that face municipalities when undertaking
stormwater retrofit projects. A driving concept of this project was to incorporate passive
recreation components to create a multiuse stormwater park to serve a multitude of public needs.
The dry retention system was designed to reduce stormwater pollution from a 57-acre urbanized
drainage basin that was developed prior to current stormwater regulations. The dry retention
design was chosen due to low groundwater elevations and to provide increased stormwater
treatment resulting from less frequent discharges.
Water quality monitoring of the project improvements was hampered by a drought that produced
small storm events causing runoff to enter the pond, but only gave two storms of sufficient
runoff volume to discharge through the outfall structure.
Improvements include construction, monitoring, and maintenance of an online dry retention
system with four interconnected basins, which are located in the median of Tangerine Avenue
between 49th Street South and 54th Street South. The treatment basins retain the first half-inch
of runoff from the drainage basin while providing approximately 41,000 cubic feet of stormwater
storage. Overflow structures are included to allow excess runoff to overflow to 49th Street South
(and eventually into Boca Ciega Bay and Lake Tomlinson).
Nine storm events were sampled at the constructed inlet structure (S-43) with the following
period of record flow-weighted results:
Inlet Event Mean Concentrations (EMCs) (Stormwater entering the treatment system)
•
•
•
•
•
•

Nitrite (NO2)
Nitrate (NO3)
Total Kjedahl Nitrogen (TKN)
Total Nitrogen (TN)
Total Phosphorus (TP)
Total Suspended Solids (TSS)

0.016 mg/L (U)
0.07 to 0.45 mg/L
0.394 to 1.2 mg/L
0.57 to 1.67 mg/L
0.12 to 0.30 mg/L
8 to 46.9 mg/L

Total rainfall for the period of record storm events ranged from 0.27 to 1.19 inches. Two of the
sampled storms (Events 5 and 6) occurred within 24 hours of each other and resulted in the only
project discharge during the monitoring period with the following results:
Outlet Event Mean Concentrations (EMCs) (Stormwater leaving the treatment system)
•
•
•
•
•

Nitrite (NO2)
Nitrate (NO3)
Total Kjedahl Nitrogen (TKN)
Total Phosphorus (TP)
Total Suspended Solids (TSS)

0.016 mg/L (U)
0.014 mg/L (U)
0.687 to 0.779 mg/L
0.13 to 0.19 mg/L
2.67 mg/L

Pollutant removal efficiency was calculated based on an (1) Event and (2) Annual loading bases
into the treatment system. As noted, storm Event 5 (1.04 inches of rainfall) and Event 6 (0.88
inches of rainfall) produced the only observed outflows, which resulted in the following Event
pollutant removal efficiencies (by mass):
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Event Pollutant Removal Efficiencies:
• Total Suspended Solids (TSS)
• Total Nitrogen (TN)
• Total Phosphorous (TP)

Event 5
97%
74%
63%

Event 6
98%
79%
81%

Due to the limited number of discharge events, an estimate of the annual pollutant load removal
efficiency was determined based on project drainage area characteristics and long-term study
results for dry retention systems. Annualized pollutant removal efficiency is estimated at 60
percent which provides the following pollutant removal rates, based on the project costs and the
20.7 acre contributing drainage area for the constructed dry retention treatment system:
Annual Pollutant Removal (with 60 percent inflow mass retention)
Pollutant

Load reduction
(kg/yr)

Load reduction
(lb/yr)

Cost/lb/yr/ac

Total Suspend Solids (TSS)

545

1,199

$52

Total Nitrogen (TN)
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47

$1,327

Total Phosphorous (TP)

4

9

$6,928

Throughout the monitoring period operational and maintenance adjustments were made to the
monitoring equipment as per the Quality Assurance/Quality Control Review of Initial Results
from Chapter 62-160 FAC. The flow-weighted pacing was increased from 1,000 to 1,500
gallons after Storm Event 5. Following Storm Event 6, the system was shut down for
maintenance with startup pending approval of the first bi-monthly report. Prior to startup in
December, the pump tubing and in-take tubing were replaced and the intake screen was cleaned.
The autosampler, rain gauge and flow bubbler were also cleaned and calibrated in accordance
with manufacturer’s recommendations. Except for minor repairs due to vandalism, no other
equipment issues were encountered through the end of monitoring.
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APPENDIX B. STORMWATER MONITORING STATIONS AND SAMPLING
SUMMARY

28

Attachment B

Monitoring Station Setup Photographs
Monitored Rainfall Figures
Monitored Flow Figures

City of Gulfport Tangerine Avenue Station Setup

Figure 1. Completed Station Setup with Avalanche 6712 Autosampler
Installed.

Figure 2. Completed Station Setup with Avalanche 6712 and Rain Gauge.

Figure 3. Most Down-Gradient Pond Showing Discharge Structure S-51.

Figure 4. Discharge from Structure S-51 (Storm Event 6).

